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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce a data driver area and a cost, to 
improve contrast picture quality and a numerical aperture and to 
prevent a liquid crystal from returning from bend orientation to initial 
spray orientation. 

SOLUTION: Data signal wiring yl-ym and scan signal wiring xi-xn are 
arranged in matrix. In crossing points of these wiring, source electrodes 
of pixel transistors 10 to the data signal wiring, and the gate electrodes 
of the transistors 10 to the scan signal wiring are connected 
respectively. A pixel electrode of a pixel 12 is connected to the drain 
electrode of the transistor 10, and the pixel 12 contains a liquid crystal 
part between the pixel electrode and a counter electrode. A common 
signal is supplied to the counter electrode from a counter electrode 
drive circuit 1 commonly, and the drive circuit 1 supplies the common 
signal imparted to the counter electrode by varying its voltage at least 
by a binary or above in the period affecting no image, and makes 
respective scan signals active simultaneously in the period. 
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(57) Abstract 

PROBLEM TO BE SOLVED: To reduce a data driver 
area and a cost, to improve contrast picture quality and 
a numerical aperture and to prevent a liquid crystal 
from returning from bend orientation to initial spray 
orientation. 

SOLUTION: Data signal wiring yl-ym and scan signal 
wiring xi-xn are arranged In matrix. In crossing points 
of these wiring, source electrodes of pixel transistors 
10 to the data signal wiring, and the gate electrodes of 
the transistors 10 to the scan signal wiring are 
connected respectively. A pixel electrode of a pixel 12 
Is connected to the drain electrode of the transistor 
10, and the pixel 12 contains a liquid crystal part 
between the pixel electrode and a counter electrode. A 
common signal is supplied to the counter electrode from 
a counter electrode drive circuit 1 commonly, and the 
drive circuit 1 suppOes the common signal Imparted to 
the counter electrode by varying its voltage at least by 
a binary or above in the period affecting no image, and 
makes respective scan signals active simultaneously In 
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10 Title of the Invention - 

ACTIVE MATRIX LIQUID CRYSTAL IMAGE DISPLAY DEVICE 

Ti'anslation of paere 5. line 31 — pasre 7. line 43 
[0033] 

15 [Embodiment of the Present Invention] 

Hereinafter, a liquid crystal image display device according to an 
embodiment of the present invention will be described in detail with 
reference to FIG. 1. Examples of a method for driving liquid crystals 
includes a method in which a voltage higher than a signal voltage to be 

20 displayed is applied to liquid crystals as a first preliminary voltage and 
thereafter, a voltage lower than the signal voltage is applied to Hquid 
crystals as a second preliminary voltage so that the response speed of the 
liquid crystals will be improved at the time of display. The liquid crystal 
display device according to Embodiment 1 of the present invention will be 

25 described in relation to this driving method. 
[0034] 

In FIG. 1, the portions in common with the conventional liquid 
crystal image display device are ntunbered identically. Since these portions 
are the same as those in the conventional liquid crystal image display device, 

30 the detailed explanations thereof are not repeated herein. The reference 
numeral 1 denotes a counter electrode driving circuit. The counter 
electrode driving circxiit 1 is basically made up of an input circuit 2, an 
automatic amplitude regulation circuit 3, and a direct current regulation 
circuit 4. To the input circuit 2, a polarity inversion signal FRP is supplied 

35 from a control circuit 7 via a bus Une 6. The automatic amplitude 

regulation circuit 3 is connected to the input circuit 2, and control signals A 
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and B are supplied to the automatic amplitude regulation circuit 3 from the 
control circuit 7 via a control signal bus line 5. A potential of a common 
signal COM outputted to a counter electrode bus line 11, i.e., a potential of a 
counter electrode forming a pixel 12, can be set to a desired value by 
5 controlling an amplitude level that is automatically determined by input 
timings of the control signals A and B from the control circuit 7, which will 
be described later, and the automatic amplitude regulation circuit 3. The 
direct current regulation circuit 4 is connected to the automatic ampUtude 
regulation circuit 3 and supplies the common signal COM to the counter 
10 electrode bus line 11. 
[0035] 

Hereinafter, the counter electrode driving circuit 1 shown in FIG. 1 
will be described in detail with reference to FIGs. 2 and 3. FIG. 3(a) shows 
a waveform of the polarity inversion signal FRP supplied from the control 

15 circuit 7 to the input circuit 2 in the automatic amplitude regulation circuit 
3. This polarity inversion signal FRP is a signal whose ampUtude is 
inverted between "1" and "0" at every vertical period (i.e., one field). The 
polarity inversion signal FRP inputted into the input circuit 2 is supplied to 
the automatic ampHtude regulation circuit 3 after being amplified in the 

20 input circuit 2 at a constant determined by the input resistance Rs and the 
feedback resistance Rf. 
[0036] 

The automatic ampUtude regulation circuit 3 is made up of three 
ampUtude regulation circuits 31, 32, and 33. The control signal bus Une 5 
25 extending from control circuit 7 is made up of two bus Unes, i.e., a bus Une 
5 A for the control signal A and a bus Une 5B for the control signal B. The 
bus Unes 5A and 5B are connected to terminals SWl and SW2 in an analog 
switch 20, respectively. On the other hand, the ampUtude regulation 
circuits 31, 32, and 33 are connected to input terminals INI, IN2, and IN3 of 
30 the analog switch 20, respectively. 
[0037] 

The ampUtude regulation circuits 31, 32, and 33 include two 
resistors Rl and R2; R3 and R4; and R5 and R6 connected in series between 
the output part of the input circuit 2 and the ground, respectively. The 
35 common connected portions between the respective two resistors are 

connected to the input terminals INI, IN2, and IN3 of the analog switch 20, 
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respectively. In accordance with this configuration, an amplitude level of 
the polarity inversion signal FRP outputted fi-om the input circuit 2 can be 
determined individually by appropriately selecting the resistance value of 
each two resistors connected in series. In the present embodiment, the 
5 amplitude level of the amplitude regulation circuit 31 is set to VH, the 
amplitude level of the amplitude regulation circuit 32 is set to 0, and the 
amplitude level of the amplitude regulation circuits 33 is set to 1/2* VH. 
Table 1 below is the truth table of the analog switch 20. 
[0038] 
10 [Table l] 



A 


B 


OUT 


0 


0 


INI 


0 


1 


IN2 


1 


0 


X 


1 


1 


INS 



[0039] 

In Table 1, A and B are control signals. When A = 0 and B = 0, an 
output from the amplitude regulation circuit 31 is selected, which is then 

15 supplied to the terminal INI of the analog switch 20 and outputted fi:om the 
terminal OUT. When A = 0 and B = 1, an output firom the amplitude 
regulation circuit 32 is selected, which is then supplied to the terminal IN2 
of the analog switch 20 and outputted firom the terminal OUT. When A = 1 
and B = 0, no output firom the amplitude regulation circuits is selected and 

20 hence, no output is outputted firom the terminal OUT. When A = 1 and B = 
1, an output firom the amplitude regulation circuit 33 is selected, which is 
then supplied to the terminal INS of the analog switch 20 and outputted 
from the terminal OUT. These polarity inversion signals FRP outputted 
from the terminal OUT are supplied to the counter electrodie bus hne 11 as a 

25 common signal COM after being subjected to a direct current regulation in 
the direct current regulation circuit 4. Accordingly, in the case where the 
control signal A having a waveform shown in FIG. 3(b) and the control 
signal B having a waveform shown in FIG. 3(c) are inputted, an input INI, 
i.e., the amplitude level VH of the ampUtude regidation circuit 31, is 

30 selected during the period [l] shown in FIG. 3. Similarly, the amplitude 

level 0 of the amplitude regulation circuit 32 is selected during the period [2], 
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and the amplitude level 1/2* VH of the ampHtude regulation circuit 33 is 
selected during the period [3]. As a result, the common signal COM 
suppUed from the counter electrode driving circuit 1 has a waveform as 
shown in FIG. 3(d). 
5 [0040] 

The polarity inversion signal FRP supplied to the automatic 
amplitude regulation circiiit 3 via the input circuit 2 has a signal waveform 
whose amplitude level is inverted between "1" and "0" at every one field as 
shown in FIG. 3(a). Therefore, in accordance with this waveform of the 

10 polarity inversion signal FRP, the common signal COM has a waveform 

whose amplitude is inverted at every one field. The period [3] in one field 
is a period in which an image is displayed, and scanning bus Unes xl to xn 
determine the timings at which pixel transistors 10 are turned on, the gate 
lines xl, x2 ...sequentially turning the pixel transistors 10 on in this order. 

15 The periods [l] and [2] are the periods irrelevant to image display. These 
periods may be a blanking period of a video signal or may be produced as 
desired. Further, a data signal used for display is not limited to a video 
signal, and any other date signal may be used. 
[0041] 

20 Hereinafter, a condition of a video signal appUed to the other 

electrode of a Uquid crystal, i.e., pixel electrode, will be described with 
reference to FIG. 4. FIG. 4(a) shows a wjaveform of the common signal 
COM shown in FIG. 3(d); FIG. 4(b) shows a waveform of a video signal 
applied to a data signal wiring vl from a data driver 9; and FIG. 4(c) shows 

25 waveforms of scanning signals xl to xn appUed to scanning signal wirings 
xl to xn (the same reference numerals are assigned for easier 
understanding) from a data driver 9. The video signal is a signal suppUed 
from the data driver 9, and depending on whether the sample holding by the 
data driver 9 is performed inside the data driver 9 or in the liquid crystal 

30 display panel A, the common signal COM and of the video signal have the 
opposite polarities. In the present embodiment, the case where the sample 
holding of the signal is performed in the Uquid crystal display panel A will 
be described for ease of understanding. The periods [l], [2], and [3] shown 
in FIG. 4 are similar to those shown in FIG. 3. The period [l] is a period in 

35 which the first preliminary voltage Vpl (= WO higher that the display 

voltage Von (= 1/2 •VH) is applied to the Uquid crystals. On the other hand, 



4 




9-138421 



the period [2] is a period in which the second preliminary voltage Vp2 (= 0) 
lower the display voltage Von is applied to the liquid crystals. In the 
present embodiment, the second preliminary voltage Vp2 is set to 0 level, 
[0042] 

5 In the case where only the display voltage Von is applied, Uquid 

crystal cells constituting a liquid crystal display cannot respond optically 
sufELciently. On this account, before applying a signal voltage for obtaining 
a predetermined transmittance or reflectance, the first preliminary voltage 
Vpl having an absolute value at least greater than that of the signal voltage 

10 Von is applied. Further, after the first preliminary voltage Vpl has been 
applied and before appljdng the display voltage Von, a period is provided in 
which the second preliminary voltage Vp2 having an absolute value at least 
smaller than that of the display voltage Von is applied. 
[0043] 

15 Further, it is necessary that both the period [l] in which the first 

preliminary voltage Vpl is applied and the period [2] in which the second 
preliminary voltage Vp2 is applied are shorter than the period [3] in which 
the display voltage Von is applied. Fiu-thermore, the liquid crystals to be 
used herein satisfy the following conditions' d x An > X/2, or 2d x An > X/2 (d 

20 X An represents retardation due to the displacement of liquid crystal 

molecules. When irradiated light used for display passes through a liquid 
crystal layer once, an ordinary ray component and an extraordinary ray 
component travel the different distances due to a birefiringence effect of the 
liquid crystal molecules. The above-mentioned retardation corresponds to 

25 this difference between these distances. 
[0044] 

Further, d denotes a thickness of the liquid crystal cell, An denotes 
the difference in refractive index between an ordinary ray and an 
extraordinary ray caused by the refi-active index anisotropy of the liquid 

30 crystals, and X denotes a wavelength of the irradiated hght.) Every time 
before displaying an image, the first preliminary voltage Vpl is applied for 
shifting the molecule orientation to mode 0 once, and thereafter, the second 
preliminary voltage Vp2, which is lower than the voltage to be a primary 
peak after the first preliminary voltage Vpl has been applied, is applied to 

35 relax the liquid crystal molecules. The image is displayed when the display 
voltage Von is applied later on. 
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[0045] ^ 

The term "mode 0" referrers to a certain point in a graph. 
Specifically, in the graph with a lateral axis representing a voltage applied 
to the liqxiid crystal cells and a longitudinal axis representing a Ught 
5 transmittance, the light transmittance decreases if the voltage appUed to 
the liqmd crystal cells becomes greater than that in the case where the light 
transmittance is at its maximxim. The "mode 0" referrers to the point at 
which the light transmittance is at its minimum on the side of the highest 
applied voltage. On the other hand, the term "primary peak " referrers to 
10 the point at which a bright state is obtained for the first time, i.e., the point 
at which the light transmittance is at its maximum, when the voltage is 
decreased gradually fi:om the voltage at which the above-mentioned optical 
characteristics is in the mode 0. 
[0046] 

15 The voltage applied to the above-mentioned liquid crystal cells 

corresponds to the difference in potential between the pixel electrode and 
the counter electrode opposing the pixel electrode (the potential of the 
counter electrode is the common potential). Thus, the video signal on the 
pixel electrode side during the period [l] has a value determined by 

20 subtracting the video signal potential VH at the time of the predetermined 
first preliminary voltage Vpl is being applied from the potential of the pixel 
electrode. Hereinafter, this video signal is merely referred to as video H for 
ease of explanation. On the other hand, during the period [2], the video 
signal is set to 0 level since the second preliminary voltage Vp2 is set to 0 

25 level. Accordingly, during the period [l] in which the first preliminary 

voltage Vpl is applied, if only the potential of the first preliminary voltage 
Vpl on the common signal side applied to the counter electrode is set to be a 
sufficiently high voltage VH, the video H applied to the pixel electrode on 
the opposite side may be low, correspondingly. 

30 [0047] 

Accordingly, by setting the potential to a value not greater than the 
withstand voltage of the date driver 9, the date driver 9 and scanning driver 
8 can be driven at a voltage not greater than the withstand voltage, without 
being affected by the application of the first preliminary voltage Vpl. The 

35 periods [l] and [2] are irrelevant to image display. During these period, 
similarly to the scanning signals xl to xn shown in FIG. 4(c), the first 



6 




9- 138421 



preliminary voltage Vpl and the second preliminary voltage Vp2 can be 
applied to the counter electrode side of the liquid crystals forming the 
respective pixels 12 from all the scanning bus lines xl to xn by 
simultaneously turning all the pixel transistors 10 on. 
5 [0048] 

In accordance with the above-described configuration, a high voltage 
can be applied to the hquid crystal in the pixel 12 without exceeding the 
withstand voltages of the data driver 9 and the scanning driver 8. 
Therefore, it becomes possible to drive the liqxiid crystals at high response 

10 speed and to drive the data driver 9 and the scanning driver 8 at a low 
voltage. It also becomes possible to make the pixel transistor 10 smaller 
and operated it at a high speed, which allow the circuit to be simpler. The 
smaller transistor is effective not only in improving the numerical aperture 
but also in facilitating the design of large high-resolution liquid crystal 

15 panels and super-high resolution liquid crystal panels. This pixel 

transistor as an active element of three -terminal type may be a thin film 
transistor (TFT) and a bulk transistor (MOSFET). 
[0049] 

It is to be noted here that the timings of the scanning signals xl to 

20 xn during the periods [l], [2], and [3] are not limited to those shown in FIG. 
4. Of course, the scanning from the scanning signals xl to xn may be 
completed in a time period shorter than that shown in FIG. 4. Needless to 
say, the scanning signals xl to xn can be used in a method employing a field 
sequential color system, which will be described in the following. 

25 [0050] 

Hereinafter, the above-mentioned method for driving Hquid crystals 
employing the field sequential color system will be described with reference 
to FIG. 5. One field is divided into three fields, and red (R), green (G), and 
blue (B) are assigned to the thus-obtained three 1/3 fields, respectively. As 

30 the period [l] in which the first preliminary voltage Vpl is applied and the 
period [2] in which the second preliminary voltage Vp2 is applied, the 
periods which does not affect the image display, similarly to the waveform of 
the common signal COM as shown in FIG. 5(a), are selected. During these 
periods [1] and [2], all the scanning signal lines are turned on 

35 simultaneously by the scanning signals xl to xn shown in FIG. 5(c). 

Further, during the period [3], scanning firom the scanning signal xl to xn 
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may take the whole remaining time period in the periods [l] and [2], or may 
be completed in a short time. In the present embodiment, the scanning is 
completed in a period that is short enough not to affect the image display, 
similarly to the video signals shown in FIG. 5(b) and 5(c). By doing so, the 
5 switching of the display image with respect to each display screen (also 

referred to as "screen scanning") becomes possible, thus realizing an optimal 
image display upon preventing flicker etc. firom occurring. As described 
above, since the driving method emplosdng the field sequential color system 
or the method requiring high-speed driving such as screen scanning 
10 requires the improved response speed of the liquid crystals and improved 

operational speed of the drivers, the driving method according to the present 
embodiment that enables the data driver 9 and the scanning driver 8 to be 
driven at low voltage is particxilarly effective. 
[0051] 

15 Hereinafter, another example of a method for producing a common 

signal COM voltage will be explained. The configuration of which is not 
limited to the automatic amplitude regulation circuit 3 shown in FIG. 2 and 
may be another configuration as shown in FIG. 6, for example. In FIG. 6, 
14 denotes a CMOS circuit made up of MOS field-effect transistor of Pch 

20 and MOS field-effect transistor of Nch. To the gate electrode which is in 
common to these transistors, a polarity inversion signal FRP is supplied 
commonly fi'om a control circuit. The reference numeral 15 denotes a 
switch for selecting, as a high level power source with respect to the COMS 
circiiit 14, either one of the two levels, i.e., VH and 1/2* VH, which are 

25 supplied from a power source generating device 17 in response to an input of 
a control signal A from the control circmt. The reference numeral 15' 
denotes a switch for selecting, as a low level power source with respect to 
the COMS circuit 14, either one of the two levels, i.e., -VH and -1/2 'VH, 
which are supplied from the power source generating device 17 in response 

30 to the input of the control signal A from the control circuit. The reference 
numeral 16 denotes a switch for selecting either one of a potential between 
the above-mentioned high level power soxirce and the low level power source, 
which are supplied from a power soxirce generating device 17 in response to 
the input of a control signal B from the control circuit, and an output from 

35 the COMS circuit 14. 
[0052] 
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Although the present embodiment describes the case where the 
power source potential is generated by the single power source generating 
device 17, the individual potentials may be generated by separate devices. 
The control signals A and B are binary signals having either "0" or "1" level 
5 as described above. The switches 15 and 15' are opened/closed by the 
control signals A and B, and an output having a common signal waveform 
with similar timings to those in FIG. 3 is obtained form the COMS circmt 
14. 

[0053] 

10 JP 1(1989)-21479 discloses a method for driving liquid crystals by 

driving a counter electrode. Specifically, JP 1(1989)-21479 discloses a 
technique in which a horizontal period is divided into a pluraUty of periods, 
and during the last period among these periods, the vbltage of the coimter 
electrode is defined as a normal voltage, and the voltage applied to a pixel is 

15 adapted to be greater than that apphed during the other divided periods. 
This technique aims to reduce a leakage current by receding the maximum 
time period in which a voltage is appUed between a source electrode and a 
drain electrode of the pixel transistor. Thus, the object of JP 1(1989)-21479 
is different firom that of an embodiment according to the present invention. 

20 In addition, JP l(l989)-21479 also differs fi-om the present invention in that 
the highest applied voltage is obtained by using the last period of the 
divided horizontal period. Moreover, in an embodiment of the present 
invention, a pixel transistor is used as an active element of three-terminal 
type, an electrode on the side of one terminal is used as a source electrode of 

25 this transistor, an electrode on the side of the other terminal is used as a 
drain electrode of this transistor, and an electrode on the driving side is 
used as a gate electrode. 
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[FIG. 3] 
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[FIG. 4] 
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[FIG. 5] 
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[FIG. 6] 
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